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A basic tenet of precision medicine is that individual variability can be harnessed to provide patients with tailored therapies for optimal outcomes. 1 In this way, sex-specific medicine is a subset of precision medicine in which a major genetic difference (sex) and associated environmental and lifestyle factors may impact substantially upon clinical phenotypes. In cardiovascular disease (CVD), important sex differences in the rates of diagnosis, utilization of care, response to therapy, and clinical outcomes have been described. 2, 3 Compared with men, women have a higher prevalence of persistent angina, non-obstructive coronary artery disease, coronary microvascular dysfunction, stressinduced cardiomyopathy, and heart failure with preserved ejection fraction. 4, 5 CVD risk factors including diabetes mellitus 6 and atrial fibrillation 7 are associated with higher rates of vascular complications in women vs. men. Women presenting with acute coronary syndromes experience higher mortality as compared with men, 8 and are also referred for cardiac transplantation at later stages of heart failure. 9 An emerging area of disparity concerns the underutilization in women of cardiac devices, including implantable cardiac defibrillations (ICDs) and cardiac resynchronization therapy (CRT) devices. Among patients hospitalized for heart failure, eligible women are significantly less likely than men to receive ICDs 10 and CRT, 11 and counselling for ICDs. 12 Underscoring the importance of sexspecific research in cardiovascular care, 13 sex-specific analyses of clinical practice data demonstrated similarly improved survival in women and men following ICD implant, 14 and subgroup analyses of randomized controlled trial data showed that female sex is associated with improved responsiveness to CRT. 15 So why are women receiving less cardiac device therapy as compared with men, when it is women who may benefit the most?
In this issue of the journal, Chatterjee et al. 16 contribute another piece of the paradox by describing increasing sex differences in the use of CRT ± ICD across a large and contemporary cohort of patients. The authors performed a retrospective cross-sectional analysis of 311 009 patients (29.6% female) who underwent CRT implant with or without ICD between 2006 and 2012 using the National Inpatient Sample, a publicly available all-payer inpatient database in the USA. They found that sex differences in CRT-D implant were inversely related to predicted CRT efficacy (i.e. among patients with the least likelihood of CRT response, fewer women than men received CRT-D), and that this trend has increased over time. By defining two clinical scores, one for increased CRT responsiveness and another for reduced ICD efficacy using baseline clinical covariates known to be associated with these outcomes (Figure 1 ), the authors showed that women, as compared with men, were more likely to demonstrate a higher CRT response score (> _3, 47.3 vs. 33.3%, P < 0.001) and less likely to demonstrate a reduced ICD efficacy score (> _3, 27.0 vs. 37.3%, P < 0.001). Despite this, women paradoxically comprised only 27.6% of patients undergoing CRT-D (86.1% of the overall CRT cohort). Stated differently, more men than women receiving CRT underwent implant of CRT-D devices (88.6 vs. 80.1%, P < 0.001), especially for patients with lower CRT response scores (<3) and higher reduced ICD efficacy scores (> _1), introducing the hypothesis that previously described sex differences in this area may be due to both overtreatment of men and undertreatment of women (Figure 1 ). Sex differences appeared to be less pronounced in patients undergoing CRT-D following ventricular arrhythmia or cardiac arrest (a secondary prevention indication for ICD), or in those with non-ischaemic cardiomyopathy and left bundle branch block (LBBB) [guidelineemphasized factors associated with left ventricular (LV) reverse remodelling and CRT response], and were most notable in patients with atrial fibrillation, chronic kidney disease (CKD), and > _80 years of age. Although the relatively high rate of CRT-D utilization in both women and men with greatest predicted benefit of CRT and ICD was reassuring, the relative excess of men receiving CRT-D among those with a lower predicted benefit raised the possibility of sexrelated differences in 'appropriateness' of CRT-D implant practices among heart failure inpatients. Multivariable logistic regression analysis confirmed that although patients with the least likelihood of CRT response were indeed less likely to undergo CRT-D [adjusted odds ratio (OR) 0.27, 95% confidence interval (CI) 0.24-0.31], men in this category were much more likely than women to undergo CRT-D implant (P for sex interaction <0.001).
These data prompt us to ask: in patients admitted with heart failure, are we implanting too few CRT-Ds in women, or, possibly, too many in men? If CRT-D implant rates in those with the highest likelihood of CRT response was similarly high in women and men (but also high in men with lower likelihood of CRT response), then are we appropriately optimizing this technology in women, but not in men? When stratified by sex and likelihood of predicted CRT response, only women with a decreased likelihood of CRT response demonstrated a significantly lower rate of CRT-D implant (P for trend <0.001). This finding increased over the 6-year study period (P for trend 0.012), despite greater understanding of predicted CRT and ICD efficacy in women compared with men in more recent times.
Furthermore, ICD-only use among women remained stable and low (and between 20% and 30% of cases) throughout the study period.
Perhaps, as with other cases of widespread variations in healthcare utilization, optimal practices may lie somewhere in between. Taken together, these findings suggest that something about CRT-D (and ICD use in particular) rendered it more likely that male vs. female patients were offered and/or more were likely to accept device implant. Although unmeasured confounding (i.e. from baseline differences in demographics, socio-economic state, and healthcare access) remains a possibility, another is that men undergo implant of advanced cardiac device therapy without having to cross a nearly as restrictive perceived cost-benefit threshold as women. Thus, in order to optimize American 'bang for the buck' in optimal patient selection for costly device therapy, a two-fold strategy could involve: (i) decreasing the rate of CRT-D implant in men unlikely to benefit (i.e. older men and those with ischaemic heart disease, atrial fibrillation, and/or CKD); and (ii) increasing the rate of CRT-D (and possibly, ICD) implant in women at intermediate likelihood of benefit. Of note, any of these strategies is complicated by the possibility that improved responsiveness to CRT (with associated decrease in heart failure morbidity and mortality, including from ventricular tachyarrhythmia), may also change the calculus for ICD efficacy over the remaining life span, and additional research is needed to tease out potential dynamic effects within the context of sex-specific investigations.
Another limitation of this serial cross-sectional study design relates to its reliance on the use of ICD-9-CM (International Classification of Disease Ninth Revision, Clinical Modification) diagnosis codes to classify groups without consideration of relevant echocardiographic or electrocardiographic data. As published recently in the European Society of Cardiology (ESC) guidelines for the management of patients with ventricular arrhythmias and prevention of sudden cardiac death, 17 CRT indications vary according to heart failure symptoms, LV ejection fractiion (LVEF), and QRS morphology and duration. Recommendations for ICD implant for primary prevention of sudden cardiac death in symptomatic heart failure patients similarly incorporate assessments of LVEF and estimated prognosis. As a result, stratifications of likelihood of CRT response or ICD benefit in the current analysis were based on assumptions using an incomplete subset of historical predictors, and outcomes were not measured directly. Nevertheless, the authors are to be commended for this work, which illustrates the critical importance of performing sex-specific analyses to generate new hypotheses in cardiovascular care. Insights like these may inform future trials and, possibly, the implementation of sexspecific thresholds within clinical guidelines for more optimal patient management. Doing so may allow us to learn not only what we are doing 'wrong' or 'right' in women, but in all of our male and female patients. Sex-secific medicine is just a form of precision medicine, after all.
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